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WORD/PHRASE CLASSIFICATION 
PROCESSING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a word/phrase classifica 
tion processing method, phrase extraction method, word/ 
phrase classification processing apparatus, Speech recogni 
tion apparatus, machine translation apparatus, phrase 
extraction apparatus, and a word/phrase Storage medium. 
Particularly, the present invention is Suitable for extracting 
phrases from text data and automatically classifying words 
and phrases. 

2. Description of the Related Art 
One type of conventional word classification processing 

apparatus automatically classifies a Single word by Statisti 
cally processing the Single word used in text data, and 
performs speech recognition and machine translation using 
the result of classifying the word, for example, as recited in 
the document titled “Brown, P., Della Pietra, V., deSouza, P., 
Lai, J., Mercer, R. (1992) “Class-Based n-gram Models of 
Natural Language'. Computational Linguistics, Vol. 18, No. 
4, pp. 467-479”. 

However, the conventional word classification processing 
apparatuses cannot automatically classify words and phrases 
together, and cannot perform Speech recognition and 
machine translation using the correspondence or Similarity 
between word and phrase or between phrases. Therefore, 
they cannot perform the Speech recognition or machine 
translation accurately. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a 
Word/phrase classification processing apparatus and method 
thereof which can automatically classify word and phrase as 
one block. 

A Second object of the present invention is to provide a 
phrase extraction apparatus which can extract a phrase from 
a large amount of text data at a high Speed. 
A third object of the present invention is to provide a 

Speech recognition apparatus which can perform accurate 
Speech recognition using the correspondence or Similarity 
between word and phrase or between phrases. 
A fourth object of the present invention is to provide a 

machine translation apparatus which can perform accurate 
machine translation using the correspondence or Similarity 
between word and phrase or between phrases. 

To attain the above described first object, word and phrase 
included in text data are classified together to generate a 
class in which the word and phrase exist together, according 
to the present invention. 

With Such a class, not only words, but word and phrase or 
phrases can be classified as one block, thereby easily iden 
tifying the correspondence or Similarity between the word 
and phrase or between the phrases. 

Furthermore, according to an embodiment of the present 
invention, a one-dimensional Sequence of word classes is 
generated by mapping word classes into which words are 
classified, into a one-dimensional Sequence of words 
included in text data. Then, a word class Sequence in which 
all of the degrees of Stickiness between contiguous word 
classes are equal to or more than a predetermined value, is 
extracted from the one-dimensional Sequence of word 
classes of the text data and has a token attached. After word 
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2 
and token are classified together, a word class Sequence 
corresponding to the token is replaced with a phrase belong 
ing to that word class Sequence. 
AS described above, a token is attached to a word class 

Sequence to regard that Sequence as one word. As a result, 
equal handling of a word included in text data and a word 
class Sequence with a token attached allows classification 
processing to be performed without making a distinction 
between word and phrase. Additionally, a phrase is extracted 
based on the degree of Stickiness between contiguous word 
classes by mapping word classes into which words are 
classified into a one-dimensional Sequence of words 
included in text data to generate a one-dimensional Sequence 
of word classes, So that the phrase can be extracted from the 
text data at high Speed. 

Additionally, to attain the above described Second object, 
word classes into which words are classified are mapped to 
a one-dimensional Sequence of words included in text data 
to generate a one-dimensional Sequence of word classes. 
Then, a word class Sequence in which all of the degrees of 
StickineSS between contiguous word classes are equal to or 
more than a predetermined value, is extracted from the 
one-dimensional Sequence of word classes of text data, So 
that a phrase is extracted by taking out respective words 
existing contiguously in the text data from respective word 
classes Structuring the word class Sequence, according to the 
present invention. 
With Such a process, a phrase can be extracted based on 

a word class Sequence. Since the number of word classes 
into which different words in text data are classified is 
Smaller than the number of the different words, extracting a 
word class Sequence in which all of the degrees of StickineSS 
between contiguous word classes are equal to or more than 
a predetermined value from a one-dimensional Sequence of 
word classes of text data, allows a reduction in the amount 
of operations and a memory capacity, a quicker performance 
of a process for extracting a phrase, and a Saving of memory 
resources, compared with extracting a word Sequence in 
which all of the degrees of Stickiness between contiguous 
words are equal to or more than a predetermined value, from 
a one-dimensional Sequence of words included in the text 
data. Note that a word class Sequence may Sometimes 
include a word Sequence which does not exist in a one 
dimensional Sequence of words in text data. In this case, 
respective words existing contiguously in the text data are 
extracted from respective word classes Structuring the word 
class Sequence, and the extracted words are recognized as a 
phrase. 

Furthermore, to attain the above described third object, 
Speech is recognized by referencing a word/phrase dictio 
nary for classifying word and phrase in predetermined text 
data as a class in which the word and phrase exist together, 
and Storing the class, according to the present invention. 
With Such a process, Speech recognition can be performed 

using the correspondence or Similarity between word and 
phrase or between phrases, thereby enabling an accurate 
proceSS. 

Still further, to attain the above described fourth object, an 
input original Sentence is corresponded to an original Sen 
tence Sample Stored in a Sample Sentence book, based on a 
Word/phrase dictionary for classifying word and phrase in 
predetermined text data as a class in which the word and 
phrase exist together, according to the present invention. 

Accordingly, even if an original Sentence which is a 
variation of an original Sentence Sample Stored in the Sample 
Sentence book, and includes a phrase replacing an original 
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word in the original Sentence Sample, is input, the original 
Sentence Sample is applied to the input original Sentence, So 
that machine translation can be performed. Therefore, accu 
rate machine translation using the correspondence or simi 
larity between word and phrase or between phrases, can be 
realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a functional block diagram of a word/phrase 
classification processing apparatus according to an embodi 
ment of the present invention; 

FIG. 2 is a Schematic diagram showing a word clustering 
proceSS performed by the word/phrase classification pro 
cessing apparatus according to the embodiment of the 
present invention; 

FIG. 3 shows a functional block diagram of a word 
classifying unit shown in FIG. 1; 

FIG. 4 is a Schematic diagram showing a word class 
Sequence generation process performed by the word/phrase 
classification processing apparatus according to the embodi 
ment of the present invention; 

FIG. 5 is a Schematic diagram showing a class chain 
extraction proceSS performed by the word/phrase classifica 
tion processing apparatus according to the embodiment of 
the present invention; 

FIG. 6 shows a functional block diagram of a word class 
Sequence extracting unit shown in FIG. 1; 

FIG. 7 is a Schematic diagram showing a relationship 
between a class chain and a token built by the word/phrase 
classification processing apparatus according to the embodi 
ment of the present invention; 

FIG. 8 is a Schematic diagram showing a token replace 
ment proceSS performed by the word/phrase classification 
processing apparatus according to the embodiment of the 
present invention; 

FIG. 9 exemplifies an English sentence used in the token 
replacement process performed by the word/phrase classi 
fication processing apparatus according to the embodiment 
of the present invention; 

FIG. 10 shows a functional block diagram of the word/ 
token classifying unit shown in FIG. 1; 

FIG. 11 is a Schematic diagram showing a relationship 
between a token and a phrase according to the word/phrase 
classification processing apparatus according to the embodi 
ment of the present invention; 

FIG. 12 is a Schematic diagram showing a result of a 
Word/phrase classification process performed by the word/ 
phrase classification processing apparatus according to the 
embodiment of the present invention; 

FIG. 13 is a block diagram showing the configuration of 
the word/phrase classification processing apparatus accord 
ing to the embodiment of the present invention; 

FIG. 14 is a flowchart showing the word/phrase classifi 
cation proceSS performed by the word/phrase classification 
processing apparatus according to the embodiment of the 
present invention; 

FIG. 15 is a schematic diagram showing a window 
proceSS performed by the word/phrase classification pro 
cessing apparatus according to the embodiment of the 
present invention; 

FIG. 16 is a flowchart showing a word clustering proceSS 
performed by the word/phrase classification processing 
apparatus according to the embodiment of the present inven 
tion; 
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4 
FIG. 17 is a flowchart showing a first embodiment of the 

class chain extraction proceSS performed by the word/phrase 
classification processing apparatus according to the present 
invention; 

FIG. 18 is a flowchart showing a second embodiment of 
the class chain extraction proceSS performed by the word/ 
phrase classification processing apparatus according to the 
present invention; 

FIG. 19 is a Schematic diagram Showing a Second embodi 
ment of the class chain extraction proceSS performed by the 
Word/phrase classification processing apparatus according to 
the present invention; 

FIG. 20 is a flowchart showing the token replacement 
process performed by the word/phrase classification pro 
cessing apparatus according to the embodiment of the 
present invention; 

FIG. 21 is a flowchart showing a word/token clustering 
process performed by the word/phrase classification pro 
cessing apparatus according to the embodiment of the 
present invention; 

FIG. 22 is a flowchart showing a data output process 
performed by the word/phrase classification processing 
apparatus according to the embodiment of the present inven 
tion; 

FIG. 23 shows a functional block diagram of a speech 
recognition apparatus according to the embodiment of the 
present invention; 

FIG. 24 shows a speech recognition method according to 
the embodiment of the present invention; 

FIG. 25 shows a functional block diagram of a machine 
translation apparatus according to the embodiment of the 
present invention, and 

FIG. 26 shows a machine translation method according to 
the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Provided below is the explanation about a word/phrase 
classification processing apparatus according to an embodi 
ment of the present invention, by referring to the drawings. 
This embodiment is intended to classify word and phrase 
included in predetermined text data into a class in which the 
word and phrase exist together. 

FIG. 1 shows a functional block diagram of a word/phrase 
classification processing apparatus according to an embodi 
ment of the present invention. 
The word/phrase classification processing apparatus 

shown in FIG. 1 comprises a word classifying unit 1, word 
class Sequence generating unit 2, Word class Sequence 
extracting unit 3, token attaching unit 4, word/token 
Sequence generating unit 5, word/token classifying unit 6, 
and a phrase replacing unit 7. 
The word classifying unit 1 extracts different words from 

a one-dimensional Sequence of words in text data, and 
generates a word class by dividing a set of extracted words. 
FIG.2 shows a process performed by the word classifying 

unit 1. This process generates “V” words V, V, V, V, 
. , V} as a vocabulary arranged in the order of the 

frequency of appearances in text data, from a one 
dimensional sequence of word (W. W. W. W. . . . , W.) 
composed of “T” words included in the text data, and 
assigns an initialization class to each of the “V” words { V1, 
V, V, V, . . . , V} as the vocabulary. Here, the number 
of words “T” is, for example, 50,000,000, and the number of 
words as the vocabulary “V” is, for example, 7,000. 
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FIG. 2 exemplifies the case in which words with a high 
ss frequency of appearances in text data Such as “the’, “a”, 

“in”, and “of” respectively correspond to the words V, V, 
V, and V as the vocabulary. The “V” words V, V, V, 
V1, . . . , V, as the Vocabulary to each of which an 
initialization class is assigned are divided into “C” word 
classes {C1, C2, C, C1, ..., C. by using clustering. Here, 
the number of word classes “C” is, for example, 500. 

FIG. 2 also exemplifies the case in which words such as 
“speak”, “say”, “tell”, “talk', . . . are classified as a word 
class C; words such as “he”, “she”, “it’, . . . are classified 
as a word class Cs, words Such as “car”, “truck”, 
“wagon', . . . are classified as a word class C, and words 
such as “Toyota”, “Nissan', and “GM', ... are classified as 
a Word class Coo. 
The “V” words V, V, V, V, . . . , V} as the 

Vocabulary are classified by, for example, uniting two word 
classes to which words in the text data belong, to minimize 
a decrease in the probability of generating original text data 
when they are merged as one class. Here, the probability of 
generating original text data according to bigram class 
model can be represented using an average mutual informa 
tion AMI, which can be obtained by the following equation. 

P(C,C) (1) A M = P(C,C)log X. 'P.C.). P. (C) 
CiCi 

where P. (C) is the probability of appearances of the class 
C. in a one-dimensional Sequence of word classes of text 
data, on the condition that words in a one-dimensional 
sequence of words (W. W. W. W...W.) in the text data, 
are replaced with the word classes to which the words 
belong; 

P. (C) is the probability of appearances of the class C, in 
the one-dimensional Sequence of word classes of the text 
data, on the condition that the words in the one-dimensional 
sequence of words (W. W. W. W. . . . W.) included in the 
text data are replaced with the word classes to which the 
words belong, and 

P. (C,C) is the probability of appearances of the word 
class C, existing contiguously to the word class C, in the 
one-dimensional Sequence of word classes of the text data, 
on the condition that the words in the one-dimensional 
sequence of words in the text data (W. W. W. W. . . . W.) 
are replaced with the word classes to which the words 
belong. 

FIG.3 exemplifies a functional block diagram of the word 
classifying unit 1 shown in FIG. 1. 

In this figure, an initialization class assigning unit 10 
extracts different words from a one-dimensional Sequence of 
words (W. W. W. W...W.) in text data, and assigns each 
of Specific word classes {C1, C2, C, C, . . . , Cv} to each 
of the words {V, V, V, V, ...,V with a predetermined 
frequency of appearances. 
A temporary merging unit 11 extracts two word classes 

{C, C,} from the set of word classes {C, C2, Cs, 
C., . . . , C, and merges them temporarily. 
An average mutual information amount calculating unit 

12 calculates the average mutual information AMI of the 
Word classes of text data {C, C, C, C, ..., C , for 
which temporary merging is performed, according to the 
equation (1). Since there are “M(M-1)/2” combinations 
made by extracting two word classes {C, C, from the set 
of “M” word classes {C, C, C, C, ..., C in this case, 
the average mutual information AMI of the “M(M-1)/2” 
combinations must be calculated. 
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A merging unit 13 extracts two word classes {C, C,}, 

which maximize the average mutual information AMI, from 
the Set of Word classes {C1, C2, C, C1, ..., C.), based on 
the calculated average mutual information AMI of the 
temporarily-merged “M(M-1)/2” combinations, and actu 
ally merges the extracted word classes. With this operation, 
a word belonging to either of the two word classes {C. C.), 
is classified as an identical word class. 
The word class Sequence generating unit 2 shown in FIG. 

1 generates a word class Sequence of text data by replacing 
each of the words Structuring the one-dimensional Sequence 
of words (W. W. W. W... W.) of the text data with each 
of the Word classes {C1, C2, Cs, C. . . . , Cv}. 

FIG. 4 exemplifies a one-dimensional Sequence of word 
classes of text data. 

In this figure, assume that “C” word classes {C, C, C, 
C. . . . , C} are generated by the word classifying unit 1, 
words as a vocabulary V, V7,...} belong to a word class 
C, words as a vocabulary va, Vs., . . . ) belong to a word 
class C, words as a vocabulary V, V, , . . . ) belong to a 
word class C, words as a vocabulary V, V, ... } belong 
to a word class C, words as a vocabulary V, Vs, V2s, 
V.,. . . ) belong to a word class Cs, words as a vocabulary 
{V, V, . . . belong to a word class C, and words as a 
vocabulary {Vs, Vio, . . . belong to a word class C7. 

Also assume that a word as a Vocabulary indicated by the 
word W is Vs., a word as a vocabulary indicated by the 
word W is V, a word as vocabulary indicated by the word 
W is V, a word as a vocabulary indicated by the word W. 
is V, a word as a vocabulary indicated by the word W is 
Vs, a word as a vocabulary indicated by the word W is Vs., 
a word as a vocabulary indicated by the word W., is Vs., a 
Word as a vocabulary indicated by the Word W is V, a 
word as a Vocabulary indicated by the word Wo is V7, a 
word as a vocabulary indicated by the word W is V, and 
a word as a vocabulary indicated by the word W. is Vs, in 
the one-dimensional sequence of words (W. W. W. 
W. . . . W.) in the text data. 

Since the Vocabularies Vs, V2, V2s, VA, Vs, Vs, Vs, V26, 
V, V, ... and Vs belong to the respective word classes C, 
Cs, C6, Cs, C7, C2, C7, Cs, C1, C3, . . . , Cs, the Words W1, 
W., W., W., W., W., W., W., W, Wo, . . . , W are 
mapped to the respective Word classes C2, C, C, C, C7, 
C2, C7, Cs, C1, C3, . . . , Cs. 

That is, the one-dimensional Sequence of the word classes 
(C. C C C C, CC, Cs C. C. . . . Cs) of the text data is 
generated in a one-to-one correspondence, as the result of 
mapping the one-dimensional Sequence of the words (W 
W. W. W...W.) in the text data by the “C” word classes 
{C1, C2, C3, CA. . . . . Co. 
The word class Sequence extracting unit 3 shown in FIG. 

1 extracts a word class Sequence in which all of the degrees 
of Stickiness between word classes in a one-dimensional 
Sequence of word classes of text data are equal to or more 
than a predetermined value, from the one-dimensional 
Sequence of the word classes of the text data. Here, the 
degree of StickineSS between word classes is an index 
indicating the degree of intensity of a link between word 
classes Structuring a word class Sequence. AS an indicator of 
the degree of Stickiness, an amount of mutual information 
MI, correlation coefficient, cosine measure, likelihood ratio, 
etc., for example, are used. 

Provided below is the explanation about the case in which 
a word class Sequence is extracted from a one-dimensional 
Sequence of word classes of text data, by using the amount 
of mutual information MI as the indicator of the degree of 
StickineSS between word classes. 
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FIG. 5 exemplifies a word class sequence extracted by the 
word class Sequence extracting unit 3. 

In this figure, a one-dimensional Sequence of word classes 
(C. C C C C, C. C., . . . Cs) of text data is assumed to 
be generated in one-to-one correspondence as the result of 
mapping the word classes to a one-dimensional Sequence of 
words (W. W. W. W. W. W. W., ... W.) in the text data. 
Two contiguous word classes (C. C.) are sequentially 
extracted from the one-dimensional Sequence of the word 
classes (C. C C C C, C. C., . . . Cs) of the text data, and 
the amount of mutual information MI (C,C) between the 
two contiguous word classes (C,C) is calculated according 
to the following equation (2). 

MIC, C)=log Pr(C. C)/ (Pr(C)Pr(C))} (2) 
If the amount of mutual information MI between the two 

contiguous word classes (C,C) is equal to or more than a 
predetermined threshold value TH, these two word classes 
are associated with each other by being linked with a class 
chain. 

In FIG. 5, for example, the amount of mutual information 
MI(C,C) between two contiguous word classes (C,C), 
the amount of mutual information MI (C,C) between two 
contiguous word classes (C,C), the amount of mutual 
information MI(C6, C) between two contiguous word 
classes (C,C), the amount of mutual information MI(C, 
C7) between two contiguous word classes (C, C7), the 
amount of mutual information MI(C7, C.) between two 
contiguous word classes (C7, C), and the amount of mutual 
information MI(C, C2) between two contiguous word 
classes (C2, C7), ... are Sequentially calculated according to 
the equation (2). 

If the amounts of mutual information MI(C,C), MI(C, 
C7), MI(C7, C), ... are equal to or more than the threshold 
value TH, and if the amounts of information MI(C,C), 
MI(C,C), MI(C,C) are smaller than the threshold value 
TH, word class Sequences C-C, C-C-C, . . . are 
extracted by linking the contiguous two word classes (C, 
Cs), (C,C), (C7, C.) with class chains. 

FIG. 6 exemplifies a functional block diagram of the word 
class Sequence extracting unit 3 shown in FIG. 1. 

In this figure, a word class extracting unit 30 extracts two 
contiguous word classes (C,C) from a one-dimensional 
Sequence of word classes of the text data. 
A mutual information amount calculating unit 31 calcu 

lates the amount of mutual information MI(C,C) between 
the two word classes (C,C) extracted by the word class 
extracting unit 30, according to the equation (2). 
A class chain linking unit 32 links two word classes (C, 

C) whose amount of mutual information MI(C,C) is equal 
to or more than a predetermined threshold value. 

The token attaching unit 4 shown in FIG. 1 attaches a 
token to a word class Sequence linked with a class chain by 
the word class Sequence extracting unit 3. 

FIG. 7 exemplifies a token attached by the token attaching 
unit 4. 
ASSume that word class Sequences linked with class 

chains are C1-C3, C1-C7, . . . , C2-C3, C2-C1, . . . , 
Csoo-C32, . . . , C1-C5-C80, C1-C4-Cs, Ca-C7-C2, . . . , 
C1-Co-C-C2, . . . in FIG. 7. In this case, tokenst, t2, ts, 
ta, ts, t, t-z, ts, to, . . . are attached to the respective Word class 
Sequences C1-C3, C1-C7, C2-C3, C2-C11, Coo-C32, C1-C3 
Cso, C1-C1-C5, C-C7-C2, C1-Co-C1-C32, . . . . 
The word/token Sequence generating unit 5 shown in FIG. 

1 replaces a word Sequence belonging to a word class 
Sequence that the word class Sequence extracting unit 3 
extracts from a one-dimensional sequence of words (WW2 
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8 
WWWWW, ...W.) in text data, with a token, in order 
to generate a one-dimensional Sequence of words and tokens 
in the text data. 

FIG. 8 exemplifies a one-dimensional Sequence of words 
and tokens of text data. 

In this figure, assume that a one-dimensional Sequence of 
word classes (C. C C C C, C, C, ... Cs) of the text data 
is generated in a one-to-one correspondence, as the result of 
mapping the word classes to a one-dimensional Sequence of 
words (W. W. W. W. W. W. W., ... W.) in the text data, 
and tokens ts, ts, ... are attached to the word class Sequences 
C-C, C-C-C2, ... linked with class chains, as shown in 
FIG. 7. 

In this case, the word sequence (W. W.) of text data 
belonging to the word class Sequence C-C linked with a 
class chain is replaced with the token ta, and the word 
sequence (WWW) of the text data belonging to the word 
class Sequence C-C-C linked with a class chain is 
replaced with the token ts, So that a one-dimensional 
Sequence (ta Wats W7 . . . W) of words and tokens of the 
text data is generated. 

FIG. 9 exemplifies a one-dimensional sequence of words 
and tokens of English text data. 
ASSume that an English Sentence "He went to the apart 

ment by bus and she went to New York by plane.” shown in 
FIG. 9(a) corresponds to a one-dimensional sequence of 
words of text data (W. W. W. W. W. W. W., W. W. Wo 
WWWWW) shown in FIG. 9(b), and (CCC 
C21 C1s Co. C32 C2Cs Coo Cs Co.3 C2s Co. C32) shown in 
FIG.9(c) is provided as a one-dimensional sequence of word 
classes, in a one-to-one correspondence to the above 
described one-dimensional Sequence of words of text data. 
As a result of calculating the amount of mutual informa 

tion MI(C,C) between two contiguous word classes (C., 
C), if the amount of mutual information MI(Cs, Cs) is 
equal to or more than a predetermined threshold value TH, 
and if the amounts of mutual information MI(Cs, Coo), 
MI(Coo, Cs), MI(Cs, C.), MI(C21, Cs), MI(C1s, Co.), 
MI(Co, C32), MI(C, C2), MI( C2, Cs ), MI(Cs, Coo), 
MI(Coo, Cs), MI(C,C), MI(Cs, Co.), and MI(Co, C) 
are less than the predetermined threshold value TH in the 
one-dimensional Sequence of word classes (Cs Coo C. C. 
Cio C1s Co. C32 C2Cs Coo C3 C3 C2s Co. C32), the two 
contiguous word classes (C, Cs) are linked with a class 
chain as shown in FIG. 9(d). 

These two word classes (C, Cs) linked with the class 
chain are replaced with the token t, so that a one 
dimensional sequence of words and a token (W. W. W. W. 
W. W. W., W. W. W. W. t. W. W.) is generated as 
shown in FIG. 9(e). 
The word/token classifying unit 6 shown in FIG. 1 

generates “D” word/token classes {T, T, T, T1, ..., T.} 
in which words and tokens exist together, by Separating a Set 
of “N” words W., W., W., W, ..., W}, or a set of “L” 
tokens {t1, t2, ts, ti,...,t}, of words and tokens in text data. 

Since the word/token classifying unit 6 regards a word 
class Sequence with a token attached as one word, and can 
equally handle the words W1, W., W., W., . . . , W} 
included in the text data and the tokens {t1, t2, ts, t, . . . , 
t}, it can perform a classification process without making a 
distinction between the words W, W., W., W, ..., W.) 
and the tokens {t1, t2, ts, ta. . . . , t). 

FIG. 10 shows a functional block diagram of the word/ 
token classifying unit 6 shown in FIG. 1. 

In this figure, an initialization class assigning unit 140 
extracts different words and tokens from a word/token 
Sequence of text data, and assigns Specific word/token 
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classes {T, T, T, T1, . . . , T} to each of the “N” words 
{W, W., W., W. . . . , W} having a predetermined 
frequency of appearances and each of the “L” tokens {t1, t2, 
ls is . . . . . . 
A temporary merging unit 141 extracts two word/token 

classes {T, T} from a set of word/token classes {T, T.T., 
T, ..., T., and merges the extracted classes temporarily. 
An average mutual information amount calculating unit 

142 calculates average mutual information AMI of word/ 
token classes {T, T, T, T1, . . . , T , for which 
temporary merging is performed, according to the equation 
(1). Since there are “M(M-1)/2” combinations made by 
extracting two word/token classes {T, T} from the set of 
“M” word/token classes {T, T, T, T1,. . . , T in this 
case, the average mutual information AMI of the “M(M- 
1)/2” combinations must be calculated. 
A merging unit 143 extracts two word/token classes {T, 

T}, which maximize the average mutual information AMI, 
from the set of word/token classes {T, T, T, T1,..., T}, 
and actually merges the extracted two classes, based on the 
average mutual information AMI of the temporarily-merged 
“M(M-1)/2” combinations. With such a process, words and 
tokens belonging to any of the merged word/token classes 
{T, T}, are classified as identical word/token classes. 
The phrase replacing unit 7 shown in FIG. 1 generates a 

phrase by inversely replacing a token in a word/token class 
with a word Sequence replaced by the word/token Sequence 
generating unit 5. 

FIG. 11 shows a relationship between a class chain and a 
phrase. 

In FIG. 11, assume that word classes Coo and C, for 
example, are linked with a class chain, and a token ts is 
attached to the word class Sequence Coo-Clinked with the 
class chain. Also assume that “A” words Such as “Toyota', 
“Nissan”, “GM', etc. belong to the word class Coo, and “B” 
words Such as “car”, “truck”, “wagon”, etc. belong to the 
word class C. 

In this case, phrase candidates Such as “Toyota car', 
“Toyota truck”, “Toyota wagon”, “Nissan car”, “Nissan 
truck”, “Nissan wagon”, “GM car”, “GM truck”, “GM 
wagon”, etc. are generated by a resultant number of multi 
plications of the number “A” of words belonging to the word 
class Coo by the number “B” of words belonging to the 
word class C. Because the phrase candidates may Some 
times include a phrase which does not exist in text data, only 
phrases included in the text data are extracted by Scanning 
the text data. Let it be Supposed that the phrases "Nissan 
truck” and “Toyota wagon” are included in the text data, but 
the phrases “Toyota Car”, “Toyota truck”, “Nissan Car', 
“Nissan wagon”, “GM car”, “GM truck”, and “GM wagon” 
are not included. In this case, only the phrases "Nissan 
truck” and “Toyota Wagon” are extracted as phrases from 
the text data, as shown in FIG. 11(C). 

FIG. 12 exemplifies “C” word classes {C, C, C, 
C., . . . , C, "D' word/token classes {T, T, T, T1, . . . 
, T., and “D” word/phrase classes {R, R2, R., R., . . . , 
R}. 

In FIG. 12A, assume that the “C” word classes {C, C, 
Cs, C, ..., C are generated by the word classifying unit 
1 shown in FIG. 1, words such as “he”, “she”, “it’, etc. 
belong to the word class Cs, words such as “York', 
"London, etc. belong to the word class Cs, words Such as 
“car”, “truck”, “wagon”, etc. belong to the word class C, 
words such as “New”, “old”, etc. belong to the word class 
C, and words such as “Toyota”, “Nissan”, “GM', etc. 
belong to the word class Coo. Also assume that text data 
includes the phrases such as “New York”, “Nissan truck”, 
and "Toyota wagon” repeatedly appear in the text data. 
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The word class Sequence extracting unit 3 shown in FIG. 

1 determines that the degree of Stickiness between the word 
class C to which "New' belongs and the word class Cs to 
which “York” belongs, is large in the one-dimensional 
Sequence of the Word classes {C1, C2, C, C, . . . , C.) 
mapped to the one-dimensional Sequence of words in the 
text data (W. W. W. W. . . . W.) in a one-to-one 
correspondence, and links the word classes C and Cas 
using a class chain. Furthermore, the word class Sequence 
extracting unit 3 determines that the degree of StickineSS 
between the word class Coo to which “Toyota' and “Nis 
San’ belong and the word class C to which “truck and 
“wagon' belong is large, and links these word classes Coo 
and C with a class chain. 
The token attaching unit 4 attaches a token t to the word 

class Sequence Co-Cs, and attaches a token ts to the Word 
class Sequence Coo-C32 
The word/token Sequence generating unit 5 replaces 

“New York” included in the one-dimensional sequence of 
words (WWWW, ...W.) in the text data with the token 
t, and replaces "Nissan truck” and “Toyota wagon” 
included in the one-dimensional sequence of words (W. W. 
W. W. . . . W.) in the text data with the token ts, and 
generates a one-dimensional Sequence of the words and 
tokens. 
The word/token classifying unit 6 classifies both the 

words Such as “he”, “she”, “it’, “London”, “car”, “truck”, 
“wagon', etc. included in the one-dimensional Sequence of 
the words and tokens, and the tokens Such as “t”, “ts”, etc., 
included in the one-dimensional Sequence of the words and 
tokens, and generates “D” word/token classes {T, T, T, 
T, ..., T shown in FIG. 12B. 

In the Word/token classes {T, T, T, T1, ..., T., for 
example, the words such as “he”, “she”, “it’, etc. and a 
corresponding token belong to the word/token class Ts, the 
words Such as "London', etc. and a corresponding token 
belong to the word/token class Ts, the words Such as “car', 
“truck”, “wagon', and a corresponding token belong to the 
word/token class T, the words such as “New”, “old”, etc. 
and a corresponding token belong to the word/token class 
T, and the words such as “Toyota”, “Nissan”, “GM', etc. 
and a corresponding token belong to the word/token class 
Too. As described above, the word/token classes {T, T, 
T, T1, ..., T, include words and tokens together without 
making a distinction. 
The phrase replacing unit 7 inversely replaces each of the 

tokens Such as “t”, “ts”, etc. included in the word/token 
classes {T, T, T, T1, ..., T, shown in FIG. 12(b) with 
a phrase included in the one-dimensional Sequence of words 
in the text data, in order to generate the word/phrase classes 
{R, R2, R., R.,...,R) shown in FIG. 12C. For example, 
the word/token Sequence generating unit 5 replaces "New 
York’ included in the one-dimensional Sequence of words in 
the text data with the token t belonging to the word/token 
class Ts. Therefore, the token t is inversely replaced with 
“New York' to generate a word/phrase class Rs. 
Additionally, the word/token Sequence generating unit 5 
replaces “Nissan truck” and “Toyota wagon” included in the 
one-dimensional Sequence of words in the text data with the 
token to belonging to the word/token class T. Therefore, 
the token t is inversely replaced with “Nissan truck” and 
“Toyota wagon' to generate a word/phrase class R. 

FIG. 13 is a block diagram showing the configuration of 
the word/phrase classification processing apparatus shown 
in FIG. 1. 

In this figure, memory interfaces 42 and 46, a CPU 43, a 
ROM 44, a working RAM 45, and a RAM 47 included in a 
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Word/phrase classifying unit 41 are connected via a bus 48. 
If text data 40 is input to the word/phrase classifying unit 41, 
the CPU 43 processes the text data 40 according to a 
program stored in the ROM 44, and classifies word and 
phrase included in the text data 40. The result of classifying 
the word and phrase included in the text data 40 is stored in 
a word/phrase dictionary 49. 

FIG. 14 is a flowchart showing operations performed by 
the word/phrase classification processing apparatus shown 
in FIG. 1. 

In this figure, a word clustering process is performed in 
step S1. The word clustering process extracts “V” different 
words V, V, V, V, , . . . , V}, from text data as a 
one-dimensional sequence of words (W. W. W. W. . . . 
W). Then, a first clustering process for separating a set of 
“V” words V, V, V, V.,..., V} into “C” word classes 
{C1, C2, C3, C. . . . , C, is performed. 

If a merging process is performed for the “V” word 
classes {C1, C2, C, C1, ..., Cv} to reduce the number of 
the “V” word classes one by one and generate the “C” word 
classes {C, C, C, C, . . . , C. after each of the word 
classes {C1, C2, C, C1, ..., Cv} is assigned to each of the 
“V” words V, V, V, V, ..., V}, and if the “V” is a 
large number such as 7,000, the number of times of calcu 
lation of the average mutual information AMI based on the 
equation (1) becomes huge, which is not realistic. In Such a 
case, a window proceSS is performed to reduce the number 
of word classes for which the merging process is performed. 

FIG. 15 is a schematic diagram showing a window 
proceSS. 

In FIG. 15(A), “C+1” word classes {C, C, C, 
C., . . . , C, C-1} assigned to Words with the high 
frequency of appearances in text data are extracted from “V” 
Word classes {C1, C2, C, C1, ..., Cv} assigned to each of 
“V” words V, V, V, V.,..., V} in the text data, and 
the merging process is performed for the “C+1' word class 
{C1, C2, C3, CA. . . . , Co, Co.). 

If the merging process is performed for the “C+1' word 
classes {C1, C2, Cs, CA, . . . , C, C-1} in a window as 
shown in FIG. 15(B), the number of “M” word classes {C, 
C, Cs, . . . , C} is reduced by one, and results in “M-1”, 
that is, C, C, C, C, ..., C. At the same time, the 
number of the “C+1” word classes {C, C, C, C,..., C., 
C} is reduced by 1, and results in "C", that is, C, C, 
C3, CA. . . . . Co). 

In this case, the word class C whose frequency of 
appearances in the text data is the highest among the word 
classes {C1,..., C. outside the window, is moved to 
the inside of the window, in order to keep the number of 
word classes inside the window constant, as shown in FIG. 
15(C). 
When there is not any window class left outside the 

window, and the “C” word classes {C, C, C, C, . . . C. 
shown in FIG. 15(d) are generated, and the word clustering 
proceSS is terminated. 

The number of word classes inside the window is set as 
“C+1” in the above described embodiment. However, that 
number may be less than “V” except for “C+1’, or may vary 
in the course of the process. 

FIG. 16 is a flowchart showing the word clustering 
process performed in step S1 shown in FIG. 14. 

In this figure, after the frequencies of appearances of all 
of the “V” words V, V, V, V, . . . , V} from which 
duplicated words are removed, are examined based on the 
text data as the one-dimensional sequence of “T” words (W 
W. W. W. . . . W.), the “V” words V, V, V, V, . . . 
, V} are arranged in descending order of the frequency of 
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12 
appearances. Then, each of the “V” words V, V, V, 
V1, ..., V} is assigned to the “V” word classes {C, C, 
Cs, CA, . . . , C, as shown in step S10. 

Next, words in the “C+1' word classes whose number is 
less than “V” among the words with a high frequency of 
appearances included in the words in the “V” word classes 
{C1, C2, C, C1,..., C}, are recognized as words included 
in word classes in one window, in Step S11. 

Then, all of the temporary pairs are made by combining 
the words included in the word classes in one window, and 
the average mutual information AMI are calculated accord 
ing to the equation (1) after the temporary pairs are merged, 
in step S12. 
The number of the word classes is then reduced by one, 

by merging temporary pairs which maximize the average 
mutual information AMI, and the words in the actually 
merged word classes in one window are updated, in Step 
S13. 

Next, in step S14, it is determined whether or not there is 
no word class outside the window, and whether or not the 
number of word classes inside the window becomes “C”. If 
this condition is not Satisfied, the proceSS goes to Step S15 
in which the words in the word class having the highest 
frequency of appearances are moved to the inside of the 
window. Then, the process goes back to Step S12 to repeat 
the above described operations, so that the number of word 
classes is reduced. 

If the condition in step S14 is satisfied, that is, if there is 
no word class left outside the window and the number of 
word classes becomes “C”, the process goes to Step S16 to 
store the “C” word classes {C, C, C, C, ..., C in the 
window in a memory. 

Then, a class chain extracting proceSS is performed as 
shown in step S2 in FIG. 14. 
The class chain extracting process extracts a set of word 

class Sequences linked with chains, by linking two contigu 
ous word classes having the amount of mutual information 
which is equal to or more than a predetermined threshold 
value using a chain, in a generated one-dimensional 
Sequence of word classes of text data based on the first 
clustering process performed in Step S1. 

FIG. 17 is a flowchart showing a first embodiment of the 
class chain extracting proceSS performed in Step S2. 

In this figure, two contiguous word classes (C,C) are 
extracted from a one-dimensional Sequence of word classes 
of text data, as shown in step S20. 

Then, the amount of mutual information MI(C,C) 
between the two word classes (C,C) extracted in step S20 
is calculated according to the equation (2), in Step S21. 

Next, it is determined whether or not the amount of 
mutual information MI(C. C.) calculated in step S21 is 
equal to or more than a predetermined threshold value TH in 
step S22. If the amount of mutual information MI(C,C) is 
equal to or more than the predetermined threshold value TH, 
the process goes to step S23 to link the two word classes (C, 
C) extracted in step S20 using a class chain, and store them 
in a memory. If the amount of mutual information MI(C,C) 
is less than the predetermined threshold value TH, the 
process goes to Step S26. 

Then, it is determined whether or not a class chain 
terminating with the word class C exists in the word classes 
linked with the class chain stored in the memory in step S24. 
If it exists, the proceSS goes to Step S25 to link the word class 
C, to the class chain terminating with the word class C. 

If no class chain terminating with the word class C. exists 
in Step S24, the process goes to Step S26. 

Next, it is determined whether or not all of the two 
contiguous word classes (C. C.) are extracted from the 
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one-dimensional Sequence of word classes of the text data in 
step S26. If “YES', the class chain extracting process is 
terminated. If “NO”, the process goes back to step S20 to 
repeat the above described operations. 

FIG. 18 is a flowchart showing a second embodiment of 
the class chain extraction proceSS performed in Step S2. 

In Step S201 in this figure, two contiguous word classes 
(C,C) are sequentially extracted from the one-dimensional 
Sequence of word classes of text data, and all of the class 
chains whose length is “2 are extracted from the one 
dimensional Sequence of word classes of the text data, by 
calculating the amount of mutual information MI(C,C) 
between the two extracted word classes (C,C). 

Next, all of the class chains whose length is “2” are 
replaced with respective objects in step S202. Here, an 
object functions in the same way as the above described 
token. A token attached to a class chain whose length is "2" 
is specifically called an object. 

Then, each of the class chains whose length is “2” in the 
one-dimensional Sequence of word classes of the text data, 
to which the object is attached in step S202, is replaced with 
an object, So that a one-dimensional Sequence of word 
classes and objects of the text data is generated in Step S203. 
One object existing in the one-dimensional Sequence of 

word classes and objects of the text data is regarded as one 
class, and the amount of mutual information MI(C,C) 
between the two classes (C,C), is calculated according to 
the equation (2), in step S204. That is, the amount of mutual 
information MI(C,C) in the one-dimensional sequence of 
word classes and objects of the text data is calculated 
between two contiguous classes, between contiguous class 
and object (class chain whose length is “2), or between two 
contiguous objects (class chains whose lengths are "2"). 

Then, it is determined whether or not the amount of 
mutual information MI(C,C) calculated in step S204 is 
equal to or more than a predetermined threshold value TH in 
step S205. If “YES", the process goes to step S206 to link 
the two contiguous word classes extracted in Step S204, 
contiguous word class and object, or two contiguous objects 
using a class chain. If the amount of mutual information 
MI(C,C) is less than the predetermined threshold value 
TH, the process skips step S206. 

FIG. 19 shows class chains extracted from a one 
dimensional Sequence of word classes and objects of the text 
data. 

If a class chain is extracted from between two contiguous 
classes, a class chain whose length is “2 (object) is gener 
ated. If a class chain is extracted from between a contiguous 
class and object, a class chain whose length is “3” is 
generated. If a class chain is extracted from between two 
contiguous objects, a class chain whose length is “4” is 
generated. 

Then, it is determined whether or not the class chain 
extraction process is performed a predetermined number of 
times in step S207 in FIG. 18. If “NO”, the process goes 
back to step S202 to repeat the above described operations. 
AS described above, a class chain having an arbitrary 

length can be extracted by repeating operations Such as 
replacing a class chain whose length is “2 with an object, 
and calculating the amount of mutual information MI(C, 
C). 

Then, a token replacement proceSS is performed as shown 
in step S3 of FIG. 14. With this token replacement process, 
a one-dimensional Sequence of words and tokens of text data 
is generated by corresponding a specific token to a word 
class Sequence extracted by the class chain extraction pro 
ceSS in Step S2, Searching a word Sequence belonging to that 
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word class Sequence for a one-dimensional Sequence of 
words in text data, and replacing a corresponding word 
Sequence in the text data with a token. 

FIG. 20 is a flowchart showing the token replacement 
process performed in Step S3. 

In this figure, extracted class chains from which dupli 
cated chains are removed are Sorted according to a prede 
termined rule, and a token is corresponded to each of the 
Sorted class chains, and a name is given to each of the chains, 
in step S30. The sorting of the class chains is performed, for 
example, in the order of ASCII code. 

Then, one class chain corresponded with a token is 
extracted in step S31. 

In step S32, it is determined whether or not a word 
Sequence belonging to word class Sequences linked with a 
class chain exists in a one-dimensional Sequence of words in 
the text data. If “YES', the process goes to step S33 to 
replace the corresponding word Sequence in the text data 
with one token. The above described process is repeated 
until there is no word Sequence belonging to the word class 
Sequences linked with the class chain, left in the one 
dimensional Sequence of words in the text data. 

If “NO”, the process goes to step S34 to determine 
whether or not the phrase token replacement process is 
performed for all of the class chains corresponded with 
tokens in step S30. If “NO”, the process goes back to step 
S31 to extract another class chain. The above described 
operations are then repeated. 

Then, a word/token clustering proceSS is performed as 
shown in step S4 in FIG. 14. With this word/token clustering 
process, different words and tokens are extracted from a 
one-dimensional Sequence of words and tokens of text data. 
Then, a Second clustering proceSS for Separating a Set 
including words and tokens into word/token classes {T, T, 
T, T1, ..., T., is performed. 

FIG. 21 is a flowchart showing the word/token clustering 
process performed in Step S4. 

In this figure, word/token classes {T, T, T, T1,..., T, 
are generated by performing clustering for the one 
dimensional Sequence of words and tokens of the text data 
obtained in Step S3 as input data, in the same way as in the 
first word clustering process performed in step S1. With the 
Second clustering process, the distinction between a word 
and a token is not made, and the token is handled as one 
word. Furthermore, each of the generated word/token 
classes {T, T, T, T1,..., T, includes a word and a token 
as its elements. 

Then, a data output process is performed as shown in Step 
S5 in FIG. 14. With the data output process, a word sequence 
corresponding to a token is extracted from word Sequences 
included in a one-dimensional Sequence of words in text 
data. Then, a third clustering process for Separating a Set 
including words and phrases into word/phrase classes {R, 
R2, R., R.,..., R}, is performed by replacing the tokens 
included in the word/token classes {T, T, T, T1, ..., T.} 
with corresponding phrases. 

FIG. 22 is a flowchart showing the data output process 
performed in step S5. 

In this figure, a token t is extracted from a word/token 
class T. as shown in step S50. 

Then, a one-dimensional Sequence of words in text data is 
scanned in step S51, and it is determined whether or not 
there is a word Sequence belonging to a word class Sequence 
linked with a class chain, which corresponds to the token t 
extracted in step S50, in step S52. If “YES', the process goes 
to Step S53 to repeat the operations for regarding this word 
Sequence as a phrase, and the token t is replaced with 
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phrases obtained by Scanning the one-dimensional Sequence 
of words in the text data. 

If “NO”, the process goes to step S54 to determine 
whether or not the data output proceSS is performed for all 
of the tokens. If “NO”, the process goes to step S50 to repeat 
the above described operations. 
ASSume that the token replacement proceSS replaces word 

Sequences (WW2), (W. W.), . . . in a one-dimensional 
sequence of words (W. W. W. W...W.) in text data with 
a token t, and also replaces word Sequences (W. W. W.), 
(W, Ws), ... with a token t by token replacement process 
in step S3. In this case, phrases (W1-W, Wa-W, ...) are 
extracted as the phrases corresponding to the token t from 
the text data, while phrases (Wa-Ws-W, W,-Wis., ...) are 
extracted as the phrases corresponding to the token t from 
the text data. 
ASSuming that a word/token class T is composed of a Set 

of words W. and a set of tokens J-t, t, . . . , t), the 
token class T, is represented by the W, U.J.), and a token 
class to included in the set of tokens J is inversely replaced 
with the set of phrases V={V'', V.,. . . . ), a 
Word/phrase class R is obtained by the following equation. 

With the word/phrase classification processing apparatus 
according to the embodiment of the present invention as 
described above, not only words, but word and phrase, or 
phrases are classified as one block by classifying word and 
phrase included in text data together, and generating a class 
in which the word and phrase exist together. As a result, the 
correspondence and Similarity between word and phrase or 
between phrases can be determined with ease. 

Additionally, a token is attached to a word class Sequence 
of text data to regard the word class Sequence as one word, 
and words included in the text data and the word class 
Sequence to which a token is attached are equally handled 
and classified, So that a corresponding word class Sequence 
is replaced with a word Sequence included in the text data. 
Therefore, the classification proceSS can be performed with 
out making a distinction between word and phrase, and at 
the same time, phrases can be extracted from text data at 
high Speed. 

Furthermore, each of words Structuring a word Sequence 
of text data is replaced with a word class to which the word 
belongs, and a phrase included in the text data is extracted 
after a word class Sequence whose frequency of appearances 
in the text data is equal to or more than a predetermined 
value, is extracted, So that the phrase can be extracted at high 
Speed. 

Provided next is the explanation about a speech recogni 
tion apparatus according to an embodiment of the present 
invention. 

FIG. 23 is a block diagram showing the configuration of 
the Speech recognition apparatus for performing speech 
recognition by taking advantage of the result of a word/ 
phrase classification proceSS obtained by the word/phrase 
classification processing apparatus shown in FIG. 1. 

In this figure, words and phrases included in predeter 
mined text data 40 are classified as a class in which the 
words and phrases exist together by a word/phrase classifi 
cation processing unit 41. The classified words and phrases 
are stored in a word/phrase dictionary 49. 

In the meantime, after uttered speech composed of a 
plurality of words and phrases is converted into analog 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
Speech Signals by a microphone 50, they are converted into 
digital Speech Signals by an A/D converter 51. Then, they are 
input to a feature extracting unit 52. The feature extracting 
unit 52, performs, for example, LPC analysis for digital 
Speech Signals to extract feature parameterS Such as a 
cepstrum coefficient, logarithmic power, etc. The feature 
parameters extracted by the feature extracting unit 52 are 
output to a Speech recognizing unit 54 to perform speech 
recognition for each word and each phrase by referencing a 
language model 55 Such as a phoneme-hidden Markov 
model, and by referencing the result of classifying words 
and phrases stored in the word/phrase dictionary 49. 

FIG. 24 exemplifies the case in which speech recognition 
is performed by taking advantage of the result of classifying 
words and phrases. 

In this figure, an uttered Sentence " Ellis ) is input to 
the microphone 50, and a Speech model is applied to this 
uttered Sentence, So that the recognition results, for example, 
" It i? ty” and " kills hitty" are obtained. As a result of 
performing a proceSS using a language model and referenc 
ing the word/phrase dictionary 49 for the recognition results 
obtained by using the Speech model, a high probability is 
given to the recognition result “ Hui y”, while a low 
probability is given to the recognition result " ft)", 
on the condition that the phrase “Ep” is registered in the 
word/phrase dictionary 49. 

With the Speech recognition apparatus according to the 
embodiment of the present invention as described above, 
Speech recognition is performed by referencing the word/ 
phrase dictionary 49 and using the correspondence or Simi 
larity between word and phrase or between phrases, thereby 
enabling a recognition proceSS with higher accuracy. 

Provided next is the explanation about a machine trans 
lation apparatus according to an embodiment of the present 
invention. 

FIG. 25 is a block diagram showing the configuration of 
a machine translation apparatus for performing machine 
translation using a result of a word/phrase classification 
process obtained by the word/phrase classification process 
ing apparatus shown in FIG. 1. 

In this figure, word and phrase included in predetermined 
text data 40 are classified as a class in which the word and 
phrase exist together, by the word/phrase classification pro 
cessing unit 41. The classified word and phrase is then Stored 
in the word/phrase dictionary 49. An original Sentence 
Sample and a translated Sentence Sample corresponding to 
the original Sentence Sample are Stored in a Sentence Sample 
book 60 in a one-to-one correspondence. 

If an original Sentence is input to a Sample Searching unit 
61, classes to which words included in the input original 
Sentence belong are Searched by referencing the word/phrase 
dictionary 49, and an original Sentence Sample composed of 
words and phrases belonging to classes identical to these 
classes is retrieved from the sentence sample book 60. The 
original Sentence Sample and its corresponding translated 
Sentence Sample are input to a Sample applying unit 62. The 
words in the input original Sentence are replaced with 
corresponding translated words in the translated Sentence 
Sample, So that a translated Sentence corresponding to the 
input original Sentence is generated. 

FIG. 26 exemplifies the case in which speech recognition 
is performed using a result of word/phrase classification 
proceSS. 
Assume that “Toyota' and “Kohlberg Kravis Roberts & 

Co. belong to an identical class, "gained” and "lost' belong 
to an identical class, “2 and “1” belong to an identical class, 
and “30/4” and “80% belong to an identical class, in FIG. 
26. 
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When “Toyota gained 2 to 30%.” is input as an original 
sentence, “Kohlberg Kravis Roberts & Co. lost 1 to 80%.” 
is retrieved as an original Sentence Sample from the Sentence 
Sample book 60, and a translated Sentence Sample 
“Kohlberg Krav is Roberts & Co. 
it 1 R is a g; 80% is li: , -", which corresponds 
to the original Sentence Sample is retrieved. 

Then, a translated word “Kohlberg Kravis Roberts & 
Co. ” in the translated sentence sample is replaced with a 
translated word", a y” corresponding to the original word 
“Toyota' in the input original Sentence belonging to the 
Same class including the original phrase “Kohlberg Kravis 
Roberts & Co.' in the original Sentence Sample, a translated 
word “ , ” in the translated sentence sample is replaced 
with a translated word “” corresponding to an original 
word "gained in the input original Sentence belonging to 
the same class including an original word “lost in the 
original Sentence Sample, a numerical value “1” included in 
the translated Sentence Sample is replaced with "2'; and the 
numerical value "80% included in the translated sentence 
sample is replaced with “30/4”. As a result, a translated 
Sentence "Ray; 2 Fly: El Cigfa 30% is li: , is corre 
sponding to the input original Sentence is output. 

With the machine translation apparatus according to the 
embodiment of the present invention as described above, 
machine translation is performed by referencing the word/ 
phrase dictionary 49 and applying an original Sentence 
Sample to an input original Sentence, even if an original 
Sentence which is a variation of an original Sentence sample, 
and includes a phrase replacing an original word included in 
the original Sentence Sample, is input, machine translation 
can be performed by applying the original Sentence Sample 
to the input original Sentence. Therefore, accurate machine 
translation can be performed using the correspondence or 
Similarity between word and phrase or between phrases. 

The explanation about the embodiment of the present 
invention is provided above. However, this invention is not 
limited to the above described embodiment. A variety of 
changes can be made in a Scope of technical concept of the 
present invention. For example, the above described 
embodiment refers to the case in which the word/phrase 
classification processing apparatus is applied to the Speech 
recognition apparatus and machine translation apparatus. 
The word/phrase classification processing apparatus may 
also be applied to a character recognition apparatus. 
Furthermore, the above described embodiment refers to the 
case in which word and phrase are classified as a mixture, 
but only phrases may be extracted and classified. 
What is claimed is: 
1. A word/phrase classification processing method, com 

prising the Steps of 
performing a first clustering process by extracting “V” 

different words from text data as a one-dimensional 
Sequence of a plurality of words, and Separating a set of 
the “V” different words into “C” word classes; 

extracting a set of word class Sequences in which all of the 
degrees of Stickiness between contiguous word classes 
are equal to or more than a predetermined value, in a 
one-dimensional Sequence of word classes concerning 
the text data generated based on the first clustering 
proceSS, 

generating a one-dimensional Sequence of words and 
tokens concerning the text data by corresponding a 
Specific token to a word class Sequence, Searching a 
word Sequence belonging to the word class Sequence 
for the text data, and replacing the word Sequence in the 
text data with a corresponding token; 
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performing a Second clustering process, by extracting 

different words and tokens from the one-dimensional 
Sequence of words and tokens concerning the text data, 
and Separating a set of extracted words and tokens into 
Word/token classes, and 

performing a third clustering proceSS by extracting a word 
Sequence corresponding to a token as a phrase, from 
word Sequences included in the text data, replacing the 
token in the word/token class with the phrase, and 
Separating the Set of extracted words and phrases into 
Word/phrase classes. 

2. The word/phrase classification processing method 
according to claim 1, wherein: 

the first clustering proceSS is performed based on an 
average mutual information between word classes. 

3. The word/phrase classification processing method 
according to claim 1, wherein: 

the Second clustering process is performed based on an 
average mutual information between word/token 
classes. 

4. A word/phrase classification processing method, com 
prising the Steps of 

generating word classes into which words included in text 
data are classified; 

generating a one-dimensional Sequence of word classes 
by mapping the word classes to a one-dimensional 
Sequence of words included in the text data; 

extracting a word class Sequence in which all of the 
degrees of Stickiness between contiguous word classes 
are equal to or more than a predetermined value, in the 
one-dimensional Sequence of word classes concerning 
the text data, from the one-dimensional sequence of 
word classes of the text data; 

classifying the words and the word class Sequences, 
which are included in the text data, together; 

extracting a phrase by taking out respective words which 
exist contiguously in the text data, from respective 
word classes Structuring the word class Sequence, and 

replacing the word class Sequence with a phrase belong 
ing to the word class Sequence. 

5. A phrase extraction method, comprising the Steps of: 
generating word classes into which words included in text 

data are classified; 
generating a one-dimensional Sequence of word classes 

by mapping the word classes to a one-dimensional 
Sequence of words included in the text data; 

extracting a word class Sequence in which all of the 
degrees of Stickiness between contiguous word classes 
are equal to or more than a predetermined value, in the 
one-dimensional Sequence of word classes of the text 
data, from the one-dimensional Sequence of word 
classes of the text data; and 

extracting a phrase by taking out respective words which 
exist contiguously in the text data, from respective 
word classes Structuring the word class Sequence. 

6. A word/phrase classification processing apparatus, 
comprising: 
word classifying means for generating word classes by 

extracting different words from a one-dimensional 
Sequence of words included in text data, and Separating 
a set of extracted words, 

Word class Sequence generating means for generating a 
one-dimensional Sequence of word classes concerning 
the text data by replacing respective words Structuring 
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a one-dimensional Sequence of words included in the 
text data with the word classes to which the different 
words belong, 

word class Sequence extracting means for extracting a 
word class Sequence in which all of the degrees of 
StickineSS between contiguous word classes are equal to 
or more than a predetermined value, in the one 
dimensional Sequence of word classes concerning the 
text data, from the one-dimensional Sequence of word 
classes concerning the text data; 

token attaching means for attaching a token to each word 
class Sequence extracted by the word class Sequence 
extracting means, 

Word/token Sequence generating means for generating a 
one-dimensional Sequence of words and tokens con 
cerning the text data by replacing a word Sequence 
belonging to the word class Sequence extracted by the 
word class Sequence extracting means, from the one 
dimensional Sequence of words included in the text 
data, with the token; 

Word/token classifying means for generating a word/ 
token class by Separating a Set of words and tokens, 
which are included in the one-dimensional Sequence of 
words and tokens concerning the text data; and 

phrase replacing means for generating a phrase by 
inversely replacing the token in the word/token class, 
with a word Sequence which is replaced by the word/ 
token Sequence generating means. 

7. The word/phrase classification processing apparatus 
according to claim 6, wherein: 

the word classifying means comprises: 
initialization class assigning means for extracting the 

different words from the one-dimensional Sequence 
of words included in the text data, and assigning a 
Specific word class to each of extracted words having 
a predetermined frequency of appearances, 

temporary merging means for extracting two word 
classes from a set of word classes, and temporarily 
merging extracted word classes; 

average mutual information amount calculating means 
for calculating an average mutual information about 
temporarily-merged word classes of the text data; 
and 

merging means for actually merging two word classes 
which maximize the average mutual information, 
which are included in the Set of word classes. 

8. The word/phrase classification processing apparatus 
according to claim 6, wherein: 

the word class Sequence extracting means comprises: 
word class extracting out means for Sequentially taking 

out two word classes which exist contiguously, from 
the one-dimensional Sequence of word classes con 
cerning the text data; 

mutual information amount calculating means for cal 
culating the amount of mutual information between 
two word classes taken out by the word class extract 
ing means, and 

class chain linking means for linking two word classes 
whose amount of mutual information is equal to or 
more than a predetermined value, by using a class 
chain. 

9. The word/phrase classification processing apparatus 
according to claim 6, wherein: 

the word/token classifying means comprises: 
initialization class assigning means for extracting dif 

ferent words and tokens from the one-dimensional 
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Sequence of words and tokens concerning the text 
data, and assigning a specific word/token class to 
each word and each token having a predetermined 
frequency of appearances; 

temporary merging means for taking out two word/ 
token classes from a set of word/token classes, and 
temporarily merging extracted word/token classes; 

average mutual information amount calculating means 
for calculating an average mutual information about 
temporarily-merged word/token classes of the text 
data; and 

merging means for actually merging two word/token 
classes which maximize the average mutual 
information, which are included in the set of word/ 
token classes. 

10. A word/phrase classification processing apparatus, 
comprising: 

a phrase extracting unit to extract a phrase formed of 
contiguous words from text data as a one-dimensional 
Sequence of a plurality of words, and 

a word/phrase classifying unit to classify both a word 
included in the text data and the phrase extracted by 
Said phrase extracting unit as one block, and generating 
a class in which the word and the phrase exist together. 

11. The word/phrase classification processing apparatus 
according to claim 10, wherein: 

the class is generated based on an average mutual infor 
mation about classes. 

12. A phrase extraction apparatus, comprising: 
word classifying means for classifying words included in 

text data, and generating word classes; 
Word class Sequence generating means for generating a 

one-dimensional sequence of word classes of the text 
data by replacing respective words Structuring a one 
dimensional Sequence of words included in the text 
data, with the word classes to which the words belong, 

word class Sequence extracting means for extracting a 
word class Sequence in which the degrees of Stickiness 
between contiguous word classes are equal to or more 
than a predetermined value, in the one-dimensional 
Sequence of word classes concerning the text data, from 
the one-dimensional Sequence of word classes concern 
ing the text data; and 

phrase extracting means for extracting a phrase by taking 
out respective words which exist contiguously in the 
text data from respective word classes Structuring the 
word class Sequence. 

13. The word extraction apparatus according to claim 12, 
wherein: 

the word classes are generated based on an average 
mutual information about word classes. 

14. A Storage medium, comprising: 
a first Storage area containing a data structure for word 

classes into which words included in text data as a 
one-dimensional Sequence of a plurality of words are 
classified; 

a Second Storage area containing a data Structure for 
phrases, each formed of contiguous words extracted 
from the text data based on mutual information 
amounts of the word classes; and 

a third Storage area containing a data Structure for word/ 
phrase classes where the phrases are classified in the 
word classes. 

15. A computer-readable Storage medium Storing a pro 
gram which includes instructions for making a computer 
perform the functions of: 
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generating word classes by extracting different words 
from a one-dimensional Sequence of words included in 
text data, and Separating a set of extracted words, 

generating a one-dimensional Sequence of word classes 
concerning the text data, by replacing respective words 
Structuring the one-dimensional Sequence of words 
included in the text data with the word classes to which 
the different words belong; 

extracting a word class Sequence in which all of the 
degrees of Stickiness between contiguous word classes 
are equal to or more than a predetermined value, from 
the one-dimensional Sequence of word classes concern 
ing the text data; 

attaching a token to the word class Sequence; 
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generating a one-dimensional Sequence of words and 

tokens concerning the text data by replacing a word 
Sequence belonging to the word class Sequence in the 
one-dimensional Sequence of words included in the text 
data, with the token; 

generating a word/token class by Separating a Set of words 
and tokens in the one-dimensional Sequence of words 
and tokens concerning the text data; and 

generating a phrase by inversely replacing the token in the 
Word/token class with the word Sequence included in 
the text data. 


